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The absorption of sound in suspensions with particles much smaller than the acoustic wavelength is mainly due to
the viscous drag between the fluid and the particles. In addition, viscous asymmetries generated in the flow field by
the particles, partially entrained by the acoustic field, contribute to it. Such asymmetries, known as acoustic wakes,
are considered in this work to derive the absorption coefficient based on the modification of the slip flow velocity.
An experimental study is also presented where the value of the absorption coefficient is determined.
DERIVATION OF THE ABSORPTION
COEFFICIENT INCLUDING THE
ACOUSTIC WAKE EFFECT
The absorption coefficient in suspensions of  rigid
particles when kRi <<1 (being k the wavenumber and Ri
the particle radius) can be derived from the equation of
motion of the particles. The force acting on a spherical
particle of radius Ri in a viscous fluid is described as
dt
du
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where ui is the instantaneous velocity of the sphere  of
mass mi,  is the dynamic viscosity of the fluid and Vi the
slip flow velocity, defined as the velocity difference
between the particle and the fluid at its location Vi =ui-ufi .
Including this expression in Eq.(1)
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Let’s consider an incident wave with a velocity amplitude
tieU 0 and angular frequency . If we take into account
the acoustic viscous wakes generated by suspended
particles, the velocity of the fluid at the location of the i-
particle is described as
ikfi t   sin0Uu   (3)
including a velocity term ik generated by the presence of
a k-particle and describing  its acoustic wake. This
acoustic wake becomes the most intense
along the acoustic axis, where its velocity is described as
[1]










	



8
3
1
2
3
2
kk
k
kk
ik
VR
Vr
VR
(4)
at =0º (head of the wake) and as
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at =  (tail of the wake) on a reference system that
oscillates with the acoustic field. In both equations  is
defined as the kinematic viscosity of the fluid and r the
distance between the i and k-th particle locations.  Eqs.(4)
and (5) are expanded in the Fourier Series and become
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at =  with
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where qi,k and li,k are the particle entrainment and the slip
flow coefficients respectively referred to i and k-th
particles and  i and  k the particle shifts.  Then, Eq. (2)
becomes a system of two differential equations of
motion. Solving this system we obtain an expression for
the slip flow velocity
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at =0º , being i the particle relaxation time, and
 
 
 
 
 ikk
k
ii
i
i
i
ti
i
i
i
ti
i
i
eebebe
i
i
eaUe
i
itV














'''
21
2
1
22
0
(9)
at =.. From Eqs. (8) and (9) the absorption coefficient
is derived from the average rate of the instantaneous
energy loss. At =0º (head of the wake) it acquires the
expression:
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and at = (tail of the wake):
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The absorption coefficient takes different values at =
and =0º. This coefficient is compared to that obtained
by Urick [2] for particles satisfying kRi <<1, as shown in
Figure 1 for a spherical glass particle with radius Ri=4m
immersed in air. Urick’s results fully coincide with those
ones obtained first by Epstein and Temkin [3].
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FIGURE 1. Comparison of the Urick’s absorption coeffcient
with our coefficient at =0º including the acoustic wake effect.
EXPERIMENTAL DETERMINATION
OF THE ABSORPTION COEFFICIENT
DUE TO THE ACOUSTIC WAKE
EFFECT
An experimental study carried out previously by the
authors to determine the acoustic particle entrainment in
a range of acoustic frequencies between 20Hz and 3kHz
[5] is used in this work to determine the absorption
coefficient. Spherical glass particles with diameters of
7.9m0.8m and a density p=2.4g/cm3, immersed in
air,  were used in the experiment. Acoustic fields with
velocity amplitudes varying between 0.1m/s and 1m/s
were applied.
From the particle displacements measured directly on
the filmed particle trajectories their entrainment was
derived [5] and the absorption coefficient was
determined. Some experimental values of this
coefficient are shawn inTableI.
Table I.  Experimental absorption coefficient at r=25Ri
Frequency
(Hz)
Uo
(m/s)
qp Absorption
coefficient at
=0º
Absorption
coefficient
at =
100 0.05 0.90 7.89 10-14 3.54 10-16
1000 0.46 0.32 1.55 10-13 5.32 10-14
2000 0.63 0.10 1.75 10-13 6.69 10-14
3000 0.95 0.08 1.82 10-13 7.46 10-14
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